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Summary

Anti-neutrophil cytoplasmic antibodies (ANCA) have been associated with a
spectrum of vasculitis that includes granulomatous polyangiitis (formerly
known as Wegener’s granulomatosis), microscopic polyangiitis, the Churg–
Strauss syndrome, primary pauciimmune necrotizing and crescentic glom-
erulonephritis and related forms of vasculitis. In vitro, in vivo and clinical
evidence support the conclusion that ANCA participate in the pathophysiol-
ogy of this disease spectrum. Rituximab is a potent tool that can interrupt B
cell-mediated immunity without major compromise of T cell-mediated
immunity. Thus, it has great appeal as a tool to interrupt antibody-mediated
autoimmune disease. The results of two prospective randomized trials
confirm that rituximab can be effective as part of induction therapy for active
ANCA-associated vasculitis. The safety profile for rituximab appears favour-
able relative to cyclophosphamide and steroids. However, there remain many
patients who require individualized adjustments of ancillary therapy, as
breakthrough disease, relapses and infectious complications do occur. Based
on our current knowledge, rituximab should now be incorporated as part of
induction therapy in many patients with ANCA-associated vasculitis.
However, more work is needed to determine how rituximab may best be
integrated into the overall immunosuppression of these patients.
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Introduction

In the 1970s, Fauci and Wolff [1] hypothesized that Wege-
ner’s granulomatosis was mediated by a hypersensitivity
reaction and responded to the immunosuppressive effects
of cytotoxic agents, including cyclophosphamide. Experi-
ence has shown that immunosuppression using broad-
based cytotoxic therapy can dramatically help patients with
Wegener’s granulomatosis. However, recurrence of disease
and toxicity of therapy continue to produce substantial
morbidity and mortality. In the 1980s, two specific types of
anti-neutrophil cytoplasmic antibodies (ANCA) were dis-
covered to be associated closely with a restricted spectrum
of vasculitis, including Wegener’s granulomatosis. This
spectrum is now often referred to as ANCA-associated vas-
culitis (AAV). After discovery of ANCA, studies to dissect
the immunological mechanisms that lead to AAV were ini-
tiated. Starting in the 1990s, biological tools have been
developed to interrupt or influence the immune system at
specific foci. Now, in the 21st century, the question is:
given our new understanding of the mechanisms of AAV,

can we use these emerging immunosuppressive tools to
provide a longer and higher-quality life for our patients
with AAV than that provided by ‘standard’ cytotoxic
therapy? Furthermore, is there sufficient evidence to con-
clude that rituximab is the first such immunosuppressive
tool that should now be used routinely in the treatment of
AAV?

Pathophysiology of ANCA-AAV

As noted above, there is an extremely close correlation
between the presence of ANCA and a diagnosis of a
restricted spectrum of vasculitis [2]. This spectrum of
vasculitis includes: granulomatous polyangiitis (formerly
known as Wegener’s granulomatosis), microscopic
polyangiitis, the Churg–Strauss syndrome and renal
limited pauci-immune necrotizing and crescentic
glomerulonephritis. Two specific types of ANCA, anti-
proteinase 3 and anti-myeloperoxidase antibodies, have
been implicated in this association and the term ‘ANCA’ is
often used in reference to these two antibody specificities.
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There is now accumulating evidence to conclude that these
antibodies have a pathogenic role.

Clinical evidence suggests a role of ANCA in the patho-
genesis of vasculitic injury. Not only is there a correlation
between the presence of ANCA and the diagnosis of vascu-
litis, but some studies have shown a correlation between
changes in ANCA and the activity of disease [3,4]. Further-
more, the direct removal of the ANCA by plasma exchange
appears to mitigate the damage to glomeruli in severe cases
of ANCA glomerulonephritis [5].

In vitro studies have shown that ANCA can activate
primed neutrophils to produce reactive oxygen species and
to degranulate with the release of proteolytic enzymes [6,7].
Treatment of rolling neutrophils with ANCA can cause
integrin-mediated adhesion [8]. ANCA-activated neutro-
phils activate complement by the alternative pathway which,
in turn, can prime additional neutrophils for ANCA activa-
tion [9]. Thus, in vitro, ANCA can interact with neutrophils
leading to a series of steps that promote inflammation [10].

In vivo studies have added overwhelming support for the
pathogenic role of ANCA. In 2002, Xiao et al. described an
animal model of ANCA-AAV where myeloperoxidase
(MPO) knock-out mice were immunized with recombinant
mouse MPO. Immunoglobulin was then harvested and
infused into T and B cell-deficient mice and wild-type mice.
Necrotizing and crescentic glomerular lesions developed by
day 6 [11]. Furthermore, the process is dependent on
bone marrow-derived target cells – specifically, neutrophils
[12,13].

Thus, there is overwhelming evidence that ANCA play a
pathogenic role. Meanwhile, the triggers of ANCA are largely
unknown. A minority of patients have AAV triggered by
certain drugs that have been implicated in the induction of
autoantibodies. These include hydralazine, propylthiouracil,
minocycline and the combination of cocaine and levamisole.
Nevertheless, somehow, something stimulates B cells with
specificity for proteinase 3 or MPO to replicate and differ-
entiate into plasma cells, which in turn produce ANCA,
which can then lead to vasculitis.

Rituximab

B cells reside in lymphoid tissue and in the circulation. In
response to specific antigens, B cells activate, replicate and
differentiate into plasma cells. Activated B cells and plasma
cells produce antibodies. Rituximab targets the CD20
antigen on the surface of B cells and clears circulating B cells
from the circulation. While rituximab clears the B cells, it
does not affect plasma cells, nor does it clear antibodies.
After a single course of rituximab there is no change in the
serum levels of immunoglobulin [14,15]. Nevertheless, with
time, immunoglobulin (Ig)M levels fall [16], and with
repeated dosing of rituximab IgG levels also fall [17].

While rituximab’s effect on existing IgG levels is slow, it
does suppress humoral responses [14]. In patients on treat-

ment for rheumatoid arthritis, humoral responses to influ-
enza vaccination and multivalent pneumococcal vaccination
were impaired after rituximab [15,18]. Response to influenza
vaccine was restored modestly after 6–10 months [18].

Even though B cells in the circulation are cleared rapidly,
B cells in lymphoid tissue are not eliminated, and memory B
cells may again respond to exposure to antigens as the
rituxan effect wears off [15]. Similarly, recurrence of rheu-
matoid arthritis after rituximab occurs in conjunction with
the return of circulating memory B cells [19].

Thus, while rituximab has little immediate effect on estab-
lished antibody levels it blocks new or recurrent antibody
responses temporarily, but its effect wears off in approxi-
mately 6–9 months with the return of responsive B cells [19].

The immunosuppressive effect of rituximab may also
change the risk of infection. Astoundingly, studies of ritux-
imab have shown minimal effect on infection rates from the
addition of rituximab to other immunosuppression or in
comparison to alternative immunosuppression in rheuma-
toid arthritis [20]. One of the known complications of rit-
uximab is late-onset neutropenia. While the neutropenia is
responsive to granulocyte monocyte colony-stimulating
factor, it poses a high risk of sepsis when unrecognized.
Reactivation of hepatitis B can occur, hence screening is
essential prior to rituximab. Lastly, reports of JC virus infec-
tion with progressive multi-focal leucoencephalopathy have
appeared with rituximab. The rates are very low, and the
disease has not appeared in any of the randomized trials of
rituximab for autoimmune disease. A report in solid organ
transplant immunosuppression suggests that B cell suppres-
sion alone does not foster JC virus replication, but it takes
combined T and B cell suppression to create an environment
for JC virus to propagate [21].

Rituximab for induction therapy for AAV

Our understanding of the mechanisms of AAV suggest a
treatment strategy that blocks the effect of ANCA on neu-
trophils, removes ANCA from the circulation, clears ANCA-
specific B cells and plasma cells from the body and prevents
repopulation of circulating ANCA-specific B cells. Our
understanding of rituximab suggests that, by itself, ritux-
imab can accomplish part, but not all, of this goal. Rituximab
does not interrupt the effect of ANCA on neutrophils. It does
not directly affect the circulating ANCA. It also does not
directly affect the plasma cells, which are the main cells
making ANCA. Lastly, it does not eliminate tissue-bound
memory B cells which can ultimately replace the circulating
B cell. Thus, how well can it work? What are the synergies of
rituximab with other immunosuppressive treatments?
Should it be used along with plasma exchange, pulse steroids,
pulse cyclophosphamide or other biological agents? How
much should be used, and how often should it be given?
Furthermore, the question is not simply whether rituximab
can work in the short term, but can we integrate rituximab
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into our therapy for some or all of our patients with AAV in
a way that provides better disease control and fewer side
effects over a longer period of time?

Circumstances of the individual patient may affect our
choices of therapy. Patients who present with immediately
life-threatening disease of the lung and kidney need a very
rapid induction of remission to preserve renal function and
avoid respiratory failure. Patients with diabetes or severe
bone disease may warrant an approach that minimizes
steroid use. Young women who wish, some day, to become
pregnant may warrant different immunosuppression than
men, or women who do not desire to become pregnant.
Elderly patients may have different considerations for the
long-term toxicities of therapy than young patients.

Two recent prospective randomized controlled trials have
shown an ability of rituxan to induce remission of ANCA-
AAV when used in conjunction with steroids (Stone et al.;
RAVE trial [22]) or steroids with a short course of cyclo-
phosphamide (Jones et al.; RITUXVAS trial [23]). Both
studies used a cyclophosphamide and steroid control arm. In
the RAVE trial, one patient died in each arm. Sixty-four per
cent of the patients achieved complete remission, off all
treatment at 6 months, compared to 53% in the cyclophos-
phamide control arm. Another 22% of the rituximab
patients required additional low-dose steroids only. The
remaining 15% had one or more events that led to with-
drawal from the treatment arm. Most of these were due to
the need for additional immunosuppression. In RITXVAS,
18% of the patients in the rituximab arm died versus 9% in
the control arm (difference not statistically significant).
Among survivors, 93% of the rituximab patients achieved a
sustained remission versus 90% in the cyclophosphamide
control arm. In both studies, disease control was achieved as
rapidly as with the standard cyclophosphamide therapy arm.
Furthermore, in both studies, ANCA titres frequently
became negative.

Treatment-related and disease-related adverse effects were
similar in both arms in both studies. In RAVE, one patient
had an infusion reaction leading to discontinuation of
rituximab. Leukopenia was less frequent than in the control
arm. An equal number of serious infections occurred in the
two arms. In RITUXVAS, severe adverse events (1·0 per
patient-year versus 1·1 per patient-year) and infection rates
(0·66 per patient-year versus 0·60 per patient-year) were
similar in the rituximab versus control arms, respectively.
Other studies also suggest that the safety profile of rituximab
for autoimmune disease rates favourably [24].

In the RAVE trial, we do not yet know how many of those
who entered remission have maintained their remission after
6 months. In RITUXVAS, 15% of patients who attained
sustained remission subsequently relapsed prior to 1 year.
Other reports suggest that relapse rates are high, and that
additional treatment will be needed in many, if not most, of
these patients [25,26]. Thus, an appropriate transition
from induction therapy to maintenance therapy appears

necessary. Maintenance therapy with rituximab has
appeared promising. Options include continuous B cell
depletion with scheduled rituximab dosing [27], or awaiting
the return of B cells or a rise in ANCA prior to repeat dosing
[26].

Conclusion

Rituximab is a potent tool that can interrupt B cell-mediated
immunity without major compromise of T cell-mediated
immunity. Thus, it has great appeal as a tool to interrupt
antibody-mediated autoimmune disease. The results of two
prospective randomized trials confirm that rituximab can be
effective as part of induction therapy for active AAV. The
safety profile for rituximab appears favourable relative to
cyclophosphamide and steroids. However, there remain
many patients who require individualized adjustments of
ancillary therapy, as relapses and infectious complications do
occur. Furthermore, a strategy for conversion to mainte-
nance therapy is also needed.

Based on our current knowledge, I believe rituximab can
and should be used as part of induction therapy in many
patients with AAV. However, more work is needed to deter-
mine how to best incorporate rituximab into the overall care
of these patients.
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